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THE DEVELOPMENT AND APPLICATION OF HIGH-CRITICAL-SPEED NOSE INLETS

By DONALD D. BAALS, NOItWN F. SMITE, and JoH-N B. WRIGHT

SUMMARY -

An analysis of the nose-inlet shapes dereloped in preuiow
intv8tigalions to represent the optimum from the standpoint of
critical speed has shown that marked timilarily & between
the nondimene-ional pro$le8 of inlets which”haw @iely .di$er-
ent proportion and, critical 8peed8. T7Zfh the nondimensitmal
similarity of such pro$les “established, the large di$erencea
in the critical speeds of these nose Wets mti b,ea function of
their proportiami.

An inwx+tigation was undertaken in the Langley t?~oot
high-speed tunnel to establish the e$ecte of no8e-ink?t propor-
tions on critical Afach number and to decelop a ~atimal method
for the design of high-critical-speed nose Wete to meet desired
re.@rement8. The rwndimensional ordinates of the B nose
inlet, which were deceloped in a previous innestlgation to be
optimum -from the standpoint of critical 8peed, %“ereextended
and modijied 81ight@ ti improce the fairing. These ordinates,
now designated the NACA l-series, were then applied to a
group of nose inlets invohn.ng a systematic oariatwn Qf pro-
portions. ~’ind-tunnei tests of the8e nose in~et.s were made
through wide range8 of inlet-celocity ratio and angle of attuck
at Mach numbers qf 0.3 and O.~. Tests of represeitatice
nose ink% were cartid to high speed (a maximum. J“fach
number qf 0.’7). Preseure distributions and critical Mach.
number charactenktics are pre8enW for each of the nose inlet~
te~ted. The results of these te8ti show that the length ratio
(ratio of length ~o matirnum diameter) of the no8e inlet is the
primary factor gocerning the nwrirnum critical 8peed. The
e~ect of inletdiameter ratio (ratio oj inlet diameter to mari-
mum diameter) on critical 8peed is, in general, seconda~;
but this ratio has an important function in gozerning the extent
of the inlet-celocity-ratio range for maximum critical speed.
T7M highest critical Mach number attained for any of the no8e
inlets tested was 0.89.

The data haoe been arranged in the form of design charts
,from which NACA I–seria no8e-inlet proportion can be
8ehcted for gice-n due8 of critical Ifach number and aig?ow
quantity. Exampi28 of nose-inlet 8elections are presented for
a iyqical jet-propulsion instillation (critical Mach number of
0.83) and for two conceptional radial+n~”ne instullatiam
(critical Mach number of 0.76).

The 8election charts and NACA l–8erie8 ordinates are
shown to be applicable to the o%eign of cowLing8 with 8pinn.ers
and to the design of high-critical+peed fueelage scoop8. The
postibihly of application of the NACA l–8erie8 ordinate8 to
the experimental development of wing inlets is also indicated.

INTRODUCTION

Marked increases in airplane speeds have created a demand
for dksign data on high-critical-speed air inlets suitabIe for .._
use with jet-propulsion units, gas-ttibine propeller units,
and conventional engine installations. Previous develop-
ment programs on air inlets have produced the N7ACA C_
coding having a critical Mach number of 0.63”(reference 1)
and the B nose”idet having a miticd Mach number of 0.84
(reference 2). These. inlets have widely different propor-
tions; the tit is short with a Iarge-diameter air inlet; the
second is of considerably greater length with a smalI-diameter
air Met. Each nose inIet was dev~oped to reprwent the
optimum design from the standpoint of critical speed for
the particular proportions invoIved.

Little information has been available on air inlets having
proportions in the range between these two specific ahape9.
The research program reported herein was undertaken at
the Langley 8-foot high-speed tunnel to establish the effects
of variations of nose-inlet proportions on the critical Mach
number and to develop a rational method for the design of
nose inlets intermediate to the hTACA C cowling and B nose
inlets, both in proportions and in design critical Mach
numbers. Such data have direct application to the design
of high-critical-speed nose idets and to the development of
scoop-type air inlets.
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SYMBOLS

speed of sound, feet per second
veIocity, feet per second
Mach number (~7/a)
inlet-velocity ratio
model angle of attack, measured from model center

lirie, degrees
density, SIWSper cubic foot
ratio of specitic heats (for air, 1.40)
static preemwe,pounds per square foot

()prwsure coefficient ‘+

criticaI pressure coefficient, corresponding to locaI
Mach number of 1.0

mass flow, slugs per second (PAV)
area, square feet

mass-flow coefficient,.

dynamic pressure, pounds per squaro foot
()
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t..okd-pressureIoss between fiea stream and measure-
ment station, pounds per square foot

total conicaldi.fluser angle, degrees
maximum diameter of nose inlet
inlet diameter
inlet-diameter ratio
distance from entrance, measured along uose-irdet

center Iine
nose-inlet length, measured from inlet to maximum-

diameter station
length ratio
maximum frontal mea of nose inlet, corresponding to

~, square feet
ordinate measured pmpendic~ar to reference Ike
maximum ordinate, measured perpendicular to ref-

erence line at maximum-diameter station (See
table I.)

nose-inlet lip radius
arbitrary factor (See section entitled “Effects of

variations in basic profile” and fig. 7.) I

Subscripts :
min minimum
m critical
o free stream
1 nose-inlet entrance

DESIGNANALYSIS
DERIVATION OF BASIC NOSE OEDINATFS

The A, B, and C nose inlets presented in mferencc 2 were
derivebxperimentally in a systematic series of wind-tunnel
tests to ~pproach the optimum from the standpoint of critical
speed. A comparison from reference 2 of the nondimensional
profiles for these nose inlets having dM&nt proportions
(fig. 1) indicatw- a similarity of profile for all three inlets,
Marked similarity of profile is noted for the B and C nose
inlets; the A nose inlet, however, varies somewhat from the
basic profile of the B and C nose inlets. This variation is
beIieved to be due to the limitations encountered in the tests
of reference 2, which involved the fairhg of this nose inlet
of large. diameter into the basic streamline
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point and with a given slope. These limitations were not
serious for the B and C nose Mets, which have small inlet
diameters, and corr=pondingly greater lengths were avrd-
able for fairing than for the A nose inIet. A flat pressure
distribution similar to the distributions obtained for the
B and C nose Mets was not obtained for the A nose Met,
for which a pressure peak occurred at all inlet-velocity ratios.

Although the Werence between the nondimensional B and
C nose-inlet ordinatw is smaIl, the ordinates of the B nose
inlet have been selected foz general use because the original
proportions were considered to correspond more nearly to
current design applications than those of the C nose inlet.
The nondimensional B nose-inlet ordinates have been appliecl
to the layout of various nose Wets that difler appreciably
from the original nose-inlet proportions in length, inlet
diameter, and maximum diameter. In reference 3, in which
the variation from the original B nose-inlet proportions was
considerable, the pressure distribution over the resulting
nose inleta exhibited the characteristic flat contour with low
values of the pressure peak. It was thus indicated that the
basic B nose-inlet profile and the method of nose design could
be applied to the deeign of nose inlets having proportions
greatly difTerentfrom those of the original nose-inlet shape
tested.

Difficulty was experienced, however, in the application
of the original B nose-inlet ordinates. The slope of the
nose-irdet profile at the station at which the nose faired
onto the streamline body was a finite value that. varied

with the nose-inlet proportions assumed. Ih was evident
that the nondimensional profile shouId be extended to a
point at which the slope was zero (maximum-diamet=
station). In order to attain this extension, the B nose-irdet
ordhates were considered ta include the ITACA 111 stream-
line body (to which the original nose Met was faired)
risfar back as the maximum-diameter station. The resulting
ordinates were developed in a nondimensional form and.——
are plotted in figure 2.

The fairness of the extended B nose-inlet ordinates could
not be determined from the measured pressure distribution
presented in reference 1because the wing-support interference
affected the pressure distribution over the rear part of the
nose inlet. P1otsof the slope and the rate of change of slope
of the extended B nose-inlet ordinates indicated a s~ight
amount of unfairness in the region where the original B
nose inlet joined the streamline body. On the assumption “-
that the curves of slope and rate of change of slope should
be fair (these two curves together specify the local radius
of curvature), the two curves were faired and the result.ing
ordinates determined. TIM faired ordinates, hereinafter
designated the lSACA l-series ordinat+s, are given in table I
and are plotted in figure 2 in comparison with the extended
B nose-inlet ordinates. The two cmvw are pract.icaHy
identical over the critical forward section and have only
minor dtierenc.es over the rear section. The resultant
h?ACA l-series ordinates are, therefore, essentially the
original NACA B nose-inlet ordinatm with the addition of
a faired extension back to the maximum-diameter station. L.T--
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TABLE I

NACA l—SERIES ORDINATES
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The NAC?AC cowling ordinatea are presented in reference 1.
These cowling ordinates, deri~ed from a systematic. series
of wind-t mmel tests, were developed to attain the taaxi-
mum critical speed for conventional cowling proportions.
The cowling pressure distribution approaches the flat shape
that is optimum from the standpoint of critical speed.
A comparison of the NACA C cowling profile with the
NACA l-series ordinates on a nondimensional basis (fig. 3)
shows reasonable agreement. Figure 3 also shows the
nondimensional profile of an NACA wing-inlet shape that
is discussed in the section entitled” M7inginIets.”

(
,

In figure 3 the.NACA C cowling $=0.70; ~-=0.31
)

( )
and the original B nose inlet $=0.38; :=1.85 arc

sketched .to scale, The. great diffwencc in [ho propor[ ions
of these..tyo nose inlets, which appromh the optimum from
the standpoint of critical speed, is evident. Thr cri[ ieal
Mach niirnbers of the NAC?AC cowling and13 nose inkL arc,
from references 1 and 2, 0.63 and 0.84, rcspmt iwdy. With
the nondimensional simihwity of the profiles of t.hcsc two
nose inlets established (fig. 3), the large variation in critical
speed must be a function of the nose-idet proportions, It
is indicdecl, therefore, that nose inlets having proportions
intermediate to these two nose inlets and htiving crit.ical-
speed characteristics approaching the .optimurn can lw de-
rived f~.~m essentially the same nondimensiomd profilr,
With the NACA l-series ordinates as a bmie piofilr, a sys-
tematic. series of wind-tunnel tests was undcrttiken to de-
termine the effects of nose-inleLproportions on critical spmd.

NOSE-INLET DESIGNATION

A designation system for nose idets has been devised that
iricorporatea the following basic proportions (SCCsketch in
table I):

d inlet diameter
D maximum outside diameter of nose.inlet
X length of nose inlet, measured from inlet to maxirnum-

diarneter station

The number designation is written in the form 1+10- 15Q,
The fist number in the designation represents the.series; the
number.; 1 has been assigned to the pr@scnL series. Th[I
second group of numbers specifies the inle~ dia”mcterin pm-
cent of maximum diameter d/D; the third group of numbma
specifies the nose-inlet length in percent of maximum diameter
X/D. The NACA 1-40-150 nose inlet, [hercfore, lMS a

-.
l-series basic proflc with #=0.40 and ~=1.50.

,.
APPARATUSAND TESTS

MODELS

The nose inlets of the NACA I-series investigated arc
illustrated in table 11, These nose ‘Mets rcprcscnt a syst.~~

I matic variation of inlet-diameter ratio d/D from 0,~0 to
0.70 and of length ratio X/D from 0.30 to 2.OO All nosc-
inlet models were of 12-inch maximum diarnetcr and were
constructed of wood. With the exc.ept.ionof t.hcnose inlets,-
of $=2.00, for which the length was 24 inches, the kmgt.h

of the detachaMe. nose inlets was maintained at 18 inches.
This hmgth corresponds to a value of X/D of 1.5. To noso

inlets having ~< 1.5, cylindrical sections (skirts} were addwl

to maintain the over-all length at 18 inches. Several of the.
nose inlets were provided with detachable skirts in order to
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TABLE II
NACA l-SERIES NOSE INLETS TESTED
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investigate the effects of varying fineness ratio of the test
body. Scale drawings of each of the nose irdets tested are
presented in figure 4, grouped according to inlet-diameter
ratio. Photographs of certain of the nose irdeta (with skirts),
which iJIustratevariations in length ratio and inlet-diameter
ratio, are presented in figure 5. The duct lip radius for all
nose inlets tested vms mnintained at 0.02517 (t.ableI), which
is approximately the same value as in the development tests
of references 1 and 2. Several minor modifications to the

.-

lip radius and internal fairing were tested. (See fig. 6.)
No attempt -wasmade to simulate an aircraft i.nternal-flow
syatem insofar as internal resistance and duct lines are con-
cerned. The model ducts for the nose inlets were conical
back to the parting line of the movable nose section, where. _ _
all ducts had a common diameter of 7.2 inches.

In addition to the nose inlets listed in table IIj the NACA

C cowling was tested. Three nose idets haying#=O.60 and

x~= 1.50 and having profiles representing deviations from the

NACA l-series profile were also tested to show the effects of
such deviations. MI three nose Mets, which are drawn to
scale in figure 7, dtier from the NACA l-series profile in
that. the thickness of the forward part is greater thtin for
the hTACA l-series profile.

Each nose Met was provided with a row of smfnce static- .
pressure orifices, which extended along the top center line
born the inlet lip to a point 3% inches to the rear of the de-
tachable nose. The pressure tubing passed from the model
through the tunnel test section along the support “strut and ‘-
was connected to a photographically recorded multiple-tube
manometer in the test chamber.

The nose irdets were mounted on a cylindrical afterbody
that was supported at the tunnel center line by a single
vertical streamline strut. This strut was attached to the
body at n station 2 strut chords behind the removable nose
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FIGURE4.-Seak drawings of the NACA l-serfos now inIets. tested.

inlet in order to minimize interference effects. A drawing of
the model installation is shown in figure 8. The internal-flow
system is ako shown in figure 8. The duct section imme-
diately behind the parting line of the nose inlet and body was
contracted to the rake station, where a rake of total-pressure
and static-pressure tubes was located for the determination
of internal 10SSCSand air-flow quantity. The duct exit was
located at the tail of the body and was provided witka plug-
typc control. for varying tho exit area. b electric-motor
drive for the axit control was included in order that the air-
flow quantity could be varied through a range during each
test. A flapped exit was used for several tests to obtain high
values of inlet-veIocity ratio. The-angle of attack of the.
model was varied through fixed incr.ernentsby means of an
intmnal indexing device.
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EQLIIP.MENT AND TESTS

The Langley S-foot high-speed tunnel, in which this invcs-
tigat.ion wT&conducted,-is a closed-throat, circ.ular-sect.ion,
s~gle-return tgnnel,.. The turbu]enco of the air stream is _
low but.is somewhat higher tlmn the turbuhmcc of free air.

The complete range of NACA l-series nose inlets showu in
table H was tested at M.= 0.30 and 0.40 through m anglc-
of-attack range from approximately 0° to 8° by 2° illcrc-
ments. Several of the nose inlets were tchcd through lhe
Ifach number range up to approximutcly MO= 0.7. The
inlet-velocity ratio was variecl from about 0.2 to valu(is
higher than 1.0 for the nose in.hts having small values of
d/D. For the. nose inkts having largc Yalucs of d/~, the
maximum value of inlet-velocity ratio was lirnitvd by the
capacity of the iiternal-flow system.
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RESULTS AND DISCUSSION

BASIC NOSE-INLET CHAItACTERISTIC9

Basic data,-The basic nose-hdet characteristics are pre-
sented as plots of pressure distribution and critical Mach
number for each of the nose idets.. .These data are grouped
according to inlet-diameter ratio, Figures 9 and 10 present
the pressure distributions over the nose inlets having

#=0,40, the NACA 1+10-200 and” I-40-150 nose inlets,

through ranges of idet-velocity ratio and moclel angle of
attack, These two parameters govern the pressure distibu-”
tion for a given nose inIet. At zero angle of attack the
pressure distributiona for the moderate-to-high values of
inlet-velocity ratio are e+wentiallyflat with very low values of
peak negative pressure coefficient. As the inlet-velocity
ratio is progressively decreased, a pressurepeak appears near
the Lipof the nose inlet because of the high local ang~e of
attack of the lip. The magnitude of the pressure peak
increases rapidly as the inlet-velocity ratio is further de-
creased, Progressively higher vahms of the inlet-velocity
ratio are required to eIiminate the pressure peak as the rnodcl
angle of attack is increased. At higher values of in.let-
velocity ratio, a favorable pressure distribution cnn be
obtained through greater ranges of angle of attack.

The critical-speed characteristics for the NACA 140-200
and 140-150 nose irdeta aro presented in figure 11. The
critical Mach numbers were determined from the measured
pressure distributions by means of the Von Kdrm6n relation
(reference 4), For a given angle of attack, little chmge
occurs in the value of the critical Mach number for values.
of inlet-velocity ratio in the medium-to-high range. The
sharp downward break in the critical Mach number curve
occurs at. a value of irdet-veIocity ratio below which the
critical .Mach number is determined by a pressure peak near
the lip. Further decrease in inlet-velocity ratio procluces a.
rapid decrerwein critical kfach number.

An important eflect of an increase in angle of attack (~. 11)
is to shift tho knee of the critical Mach number curve to
progressively higher values of inIet+elocity ratio. A com-
parison of the critical-apecd characteristics for two angles
of attack shows only small differences between the values of
the critical speed above the knew of the two curves; below
the knees of the curves, however, marked dtierencea arc
noted.

Figures 12 to 27 present pressure dktributions and critical
Mach number characteristics for the nose idets having inlet-
diametm ratios of 0.50, 0.60, and 0.70. In general, the
effects of changes in inlet-velocity ratio and angle of attack
tire similar to those described for the NACA l-4&200 and
1-40-150 nose inlets.

The effects of inlet proportions,-The critical Mach num-
ber curves for the series of nose inlets tested have been
grouped for constant angles of attack, according to ideh
diameter ratio and length ratio, to illustrate the effects of
these parameters on the criticnI Mach number character-

istic. - Figure 28 shows the effects of length ratio on criticnl
.Nlachnumber. For a given inleL-diameterratio, an iucrcasc
in maximum critical Mach number is shown to occur wi(h
increases in length ratio. .An incrmsc in lcnglh rntio, ●

however, causes the lmec of the critical Mach number curve
to occur at pro ressively h“ her values of ildct-velocity ratio

% Tand thereby re UC.CSthe in et-velocity-ratio rrmgc for mnxi-
mum critical speed. A wider range for maximum eriticd
speecl is therefore obtained for the lower VUIUCSof lmgth
ratio but with an important sn,crificcin the vrdueof maximum
criticrd Mach number.

Figure 29 shows the effect of inlctdiametcr ratio on wit.icnl
Mach number characteristics. A decrease in tho value of
inIet-diameter ratio for a given Icngth ratio shifts the kmw
of the critical Mach number curve to lower values of the
inlet-velocity ratio and thereby increases the mtcut of the
inlet-velocity-ratio range for maximum critical sped. The
effect of inlehdiameter ratio on maximum critical SPCWIis
small at large values of length ratio. For extremely low
values of length ratio, a significant dccrcasc in maximum
critical Mach number occurs with dccremc in the vtiluo of
inlet-diameter ratio. These data thus indicate that. (IM
length ratio is the more important of these two parnmct.cm
in governing the maximum critictil speed; the.inkt-d iameter
ratio is,” in general, secondary, For a given length ratio,
however, the inlet-diameter ratio governs the position of thc
knee of the critical Mach number curve.

In figure 28 envelope curves have bcwn drawn t+mgrnLt.o
the knees of the critical Mach number curves. A summtiry
plot. of the envelope. curves alone is pre9cntcd in Iigurc 30
for C.E=QO,2°, and 4° for each of the d/Ll groups. ImMn~util~”
as the knee of tho critical Mach number curve corresponds
to the point or conditions at which the nose-inlet prwsum
distribution is approximately flat, the envelope curve hns
important siguidcance in that any point on the curve repre-
sents the optimum value of critical Mach numlwr ihut can
be obtaiued for spccifled vahs of inld-diamctm mt.io and
inlet-velocity ratio. Comparison of the cnvclopcs for the
three angles of gttack (fig. 30) shows that importnnt. de-
creases in critical Mach number occur in operation at tingles
of attack other than OO.

It is apparent from figure 28 that onIy onc WIIUCof length
ratio .WD will give the optimum criticnl speed at tipmticulnr
valuc of inlet-diameter ratio and inlet-velocity ratio. This
point on the envelope curve corresponds to the ICDWin the
criticaI Mach number curve; therefore, this point reprmmnts
the minimum value of inle.t-velocity ratio at which tlW
particular nose irdct will possess an esscntiaI1yflat pressure
distribution and a criticaI Mach number approaching ik
maxirnu-rn.

In fli~jt the level high-speed condition will usually govern
the irdeh design, for not only will the flight Mach number
bo a maximum but also the inlet-velocity ratio will usually
be a minimum. The design of a nose inlet to mtisfy given
critical Mach number requirements must therefore bc based
on the minimum inlet-veloeity ratio.
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SELECTION CHARTS

Basis and composition,—The envelope curves for the
NACA l-series nose inlets tested (figs. 28 and 30) have
bee% arranged in the form of seIecttionchmts in figure 31,
from which nose-imlet proportions can be determined for a
spedied critical Mach number and corresponding minimum
air-flow quantity. The inlet-velocity ratio, which cannot
be fixed for a given air quantity until the entrance diameter
is known, has been repIaced by the mass-flow coefficient

m ~which is an independent design quantity. The mass-~x
flow coefficient is related to the inlet-velocity ratio by the
following equation:

Figure 32 is a plot of inlet-velocity ratio against mass-flow
coefficient for various values of d/~ and MO. The curves
for Mach numbem less than 0.50 have been omitted. The
curves for incompressible flow (310= O) can be added to this
figure as straight has between the origin and the points at

.

Z= 1,0. The Wet-velocitywhioh the cwves converge at ~.

ratios for the envelope curves from figure 30 have been con-
verted to mass-flow coefficients at the corresponding value
of MW by means of figure 32.

The solid lines in the lower half of the selection chart (fig.
31) are the envelope curves from figure 30. The interjacent
dashed cumes represent the envelopes for intermediate
values of d/D and were obtained from cross plots of the ex-
perimental data. The emvelope curves have been extended
beyond the limits of the data by only a small amount. Some
additional extrapolation may be judiciously performed on the
selection chart, if necessary, through reference to @re 28.
The dashed cues ht-ersecting the main curves on the selec-
tion chart are lines of constant inlet-velocity ratio for o&e-

sponding values of ~O? d/D, and U on this chart. The

solid curves on the upper half of the selection chart are ploti
of the value of X/~ required for an NTACAl-series nose inlet
having the maximum critical Mach number for a particular
value of inlet-diameter ratio and mass-flow coaflicient.
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Use of charts,-The. selection charts have two principal
applications: (1) selection of nose-inlet proportions, for
use with the NACA l-seri- ordinates>that will attain a spe-
cihl design critical Mach numbq~.and satisfy spectied air
requirements; (2) determination of critical lfach number
and minimum-flow conditions for aq. ATACA l-series nose
inlet of given proportions. In general, these two applica-
tions pertain to the high-speed and cruise conditions, re-
spectively. The selection of proportions of a nose idet
will usually be governed by the high-speed condition. It
will then be d&abIe to cheek the selected proportiona for
other ffight conditions, such as the cruiee-tondition, for which
the design mgle of attack, mass-flow coefficient, and flight
Mach number will be ~mewhat dfierent. The high-angle-
of-at tack (low-speed) flight conditions are dso of interest
from considerations of external and internal separation.
(These items are discussed in the section entitled “Detail
Considerations.”)

The design data specifying the selection pmametem are
the design speed and altitude, the corresponding air require-
ment, and the frontal mea of the body to which the nose
inlet is beirig appiied. The use of the charts is illustrated
by means of an example. The following design conditions
and quantities will be assumed for a typical jet-propulsion
imtallation:

IC.fmde.r-fusdegeums+@loml m F, sq ft..; . . .. —-- ‘ . m ,
OperatLuSultLtude, ft-----
D~ty at mtlmde, ~ sIug/en ft --._-–-----._.--~~ 0.%$:

Free-stream veklty, V6
f~ . . .._... __——_—–_ So7
mph-- . . ..--_ -. —------. —--—-.——

Fm%tream Much nnrober, .Mo..-..— o!%
Angle ofattnc~ ~ deg.. . . . _______ $
Air required, lb/seo-...——-—––––

Mas$-flow c@ficfent, *O , -------------- Lull
/

The proportions for the nose inlet to meet the high-speed
conditions are found by entering the selection chart for
a= 0° (fig. 31 (sJ) =t the bottom with the value of maes-flow

coeilicient
()& mix

=0.130 and proceeding vertically

upward to the value of 111.,=0.83. At this point the valua
of inlehdiameter ratio d/~ can be “read aIong with the value
of inlet-velocity ratio VJT$ corresponding to the values of

()@,& am , and -& for this point. By continuing

vertically to the top section of the chart, the required value
of length ratio X/D can be read for the value of d/Dobtained
previously. The proportions for the nose inlet that wilI
give a critical Mach number equal to the high-speed-flight
lfach number are

~=0.526

v 1 Selection I

()The corresponding value of ~ ~i~=0.35 maybe read from

the selection chart. .

, ..The nose inlet selected for the high-speed condition
(selection 1) should now be checked to determine whether
it wiII satisfy the specified cruise requirements. This check
can be made by entering the top half of the selection chart

-7
for ~=2° (fig.31 @}) with 8=1.16, proceeding across to

the vrdue ~ = 0.526, and then moving verticalitydownward to

the same value of d/Don the lower haIf of the chart. At this

()point the value of *O ~ia and the corresponding value

of JIC, can be read. By this procedure the following restdts
for the cruise condition are obtained:

h&=O.815

()‘m
=0.159~FVO mis

v,
()To I?4iz

=0.44

In figure 33 (a) a scale drawing of this AT4CA L-series
nose i.nIet(selection 1) is presented for frustration along with
the criticaI Mach number curves estimated from figure 28
for a=O” and a=2° (the high-speed and cruise conditions,
respectively). AIao noted on this figure are points repre-
senting the two speciiled design requirements. The design
high-speed requirement falls on the knee of the curve for
a=O” because the selection charts are based on theknee.
The fact that the design cruise requirement falls below the
estimated critical Mach number curve for a=2° indicates
that the critical speed for the nose inlet selected exceeds the
cruise requirement. The cruise requirement point-, how-
ever, represents a value of mass-flow coefficient below the
minimum value indicated by the knee of the curve. Opera-
tion of tbe selected nose inlet at the cruise condition wiII

~therefore” produce at the lip of the inlet a pressure peak,
which may bo undesirable from the standpoint of drag.

It is evident that some margin may be desirable between
t-he.design operating requir~ents and the nose-inlet selec-
tion conditions. An inspect.lonof figure 33 (a) indicates that

a margin of *O of the order of 0.02 may be desirable to

eliminate the pressure peak in the cruise condition. The
“design selection parameters for the h~gh-speed condition
then become

(PO)-%)nit.
=0.130–0.02=0.110

From the selection chart for the high-speed condition (fig.
31 (a)), by the method outlined for selection I, ~hefollowing
resulb are obtained:

;=0.50

$=1.20

?7,

()E .~.
=0.33

Selection II
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For the cruise condition
from figure 31 (b),

for these values of X/D and d/D,

M,,= O.819

()& .i==0”138

V,()To mfn
=0.42

The estimated critical Mach number curves and the points
corresponding to the design requirements are shown with a
scale drawing of this nose inlet in figure 33 (b). For the
cruise condition, the requiredvalue of themass-flowcoefficient
is higher than the minimum value represented by the knee

of the curve, Introduction of this margin in ---fi~

involves a decrease in the value of the inlekdiameter ratio
and a corresponding increase in idet-velocity ratio but ody
a small change in the value of the length ratio.

In the design of some installations, a margin between the
design high-speed ~Mach number and the critical Mach
number of the nose inlet may be desirable in addition to the
margin in mass-flow coticient illustrated by selection II.
With a margin of 0.02 assumed for M,, and with the same
margin in mass-flow coefficient aasurnedw for. selection II,
the design selection pmameters become

()% mfs
=0.110

ikfC,=0.83+ 0.02=0.85

a ~~--
NAOI

/-52.6-116
- —-—-—-—-— —

o
0

0
0

ulcl-

a) ! I I I I
.04 .08 ./2 .16 .20

m
pof~ .

M.

Fromtheselection chart forthehigh-speed condition(&31 (a)),
the folloiving results are obtained:

.
$0.47

;=1.45

T’r,

()
=0.37

~ ml. ,

Selection III

,

For the cruise condition (fig. 31 (b)), for thesevahwwof A“/~
and d/D,

MOr=0.834

()

m
=0.128

pm ~ffi

T’r,

()

I

To $+If.
=0.45

The estimated critical hfach number curves and ihr points
corresponding to the design requirements are shown with a
scale drawing of this nose inlet in figure 33 (c). For both
the cruise and the high-speed conditions a margin now exists
between the design values and the required operating values

()of M. and $ . Introduction of these margins results
0 miu

in a nose inlet having a smaller inlet-diameter ratio and a
greater length ratio than those of the nose inlet sclcctcd for
the orighml design conditions (seIection 1). The dccrcuscd
inlet-diameter ratio involves a corresponding incrcasc in

m
}fiqh-speecf aksqn requremwf

H@-speed selectmn pant ~ nose idet

G-use cfesvgn reqwiwment .

Ckwse check pwnf fw seledfed nose friet ,

I

MW

.l

j?%’2

02/

o
:) I t I t

1 .- 0 .04 .08 .L? .16 .20
m

(a) Se!ectfon I. (b) Se!eotlon II. (0) Selection III.
FIGCRBXi.+mpexkm of three KACA l-sdea nose Inlets aeleoted for one applkzt!on. (Fee oxnr’wle in text.) Curva an? estlmnted.
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inlet-velocity ratio, which may be detrimental from the
standpoint of internal losses. In order to determine the
amount of design margin that may be used, therefore, the
characteristics of the internal-flow system must be considered.

Several important qualifications ahotdd be noted concern-
ing the application of the selection charts. The selection
charts for the hTACA 1-series nose inlets are based on the
knee of the critical Mach number curve for a given nose
inlet. The application of these charts to the design of a
nose inlet for a given critical Mach number will therefore
result in a nose inlet having the minimum value of X/n and
the maximum vahe of d/D that can be used. The propor-
tions given by the selection charts represent limiting values
rather than optimum values; consequently, in instalhtions for
which values of length and diameter ratios are not restricted,
the proportions can be varied from the limiting values in
the directions indicated in the example previously presented.

For an NACA l-series nose inlet having arbitrary pro-
portions, the critical Mach number characteristics at
~= (Io ~d 2° may be checked agtist the operating require-
ments by means of the selection charts in a manner similar
to that employed in checking the cruise condition for selec-
tion I of the example. For conditions to which the selec-
tion charts do not apply, reference can be made to @gures 28
and 29 and to the figures presenting criticaI Mach number
data for the nose inlets tested for estimation of the character-
istics of the particular nose inlet involved.

Certain combinations of nose-idet proportions within the
range of the series tested cannot be checked for critical
speed and operating conditions by means of the selection
chart of figure 31; for example, the hTACA I–MI-MO nose
inlet, which was tested in the present investigation, cannot
be found by entering the upper part of the selection chart
with its proportions. Figure 15 shows that the character-
istic flat pressure distribution is not obtained with this nose
irdet at any value of inlet-velocity ratio. Examination of the

curves for the nose inlets of ~=0.50 (@. 28) sho~s that the

critical-speed curve for this nose inlet falls far below the en-
ve~opecurve even if the envelope and critical-speed curves are

extrapolated to ~O=O. For an inlet-diameter ratio of 0.50,

therefore, this nose idet has a considerably shorter length
than that required to obtain the critical speed indicated by

the enveIope curve even at ~O=O. This nose inlet therefore

does not appear on the selection charts because, as the chart
shows, larger vahes of length ratio should be need for this
value of irdet-diameter ratio.

DESIGN APPLICATION

The NACA l-series ordinates.—The selection charts pre-
sented are based on nose inlets designed from the NACA
l-series ordinates. These ordinatea have been shown in
the section entitled “Design AnaIysis” to approach closdy
the optimum from the standpoint of critical speed for
a wide range of nose-inlet proportions. hy departure from
the nondimensiomd NACA 1-series ordinates (table I)
may appreciably lower the value of the maximum critical
Mach number and alter the shape of the critical Mach
number curve. The results of tests of several nose inlets

OF EIGH-CRITICAkSPEED NOSE I. NLETS 573

having profiles that differ from the NACA l-series ordinates
are presented in the section entitled “Effects of variations”
in basic profile.”

The smaIl degree of waviness evident in some of the
pressure distributions for several of the nose inlets is believed
to be due to very small deviations in profile. Because the
models -were constructed of wood and were of relatively
smalI size (12-in. diameter), exact dimensional control of
the protie was difhcult. It is believed, however, that,
inasmuch as these deviations are small, the effects on
ma.timum critical Mach number and the shape of the
critical Mach number curve will likewise be smalI. NTOSS
inlets based on the NACA l-series ordinates should therefore
closely approach the optimum from the standpoint of
critical speed for the particular proportions selected.

It should be noted that the sekwtion of an NACA l-series
nose inlet of proportions that exactly satisfy given conditions
results in a pressure distribution approaching a flat. shape.
Although optimum from the standpoint of critical speed,
such a pressure distribution is not the most dwirable from
the standpoint of attaining Iaminar flow. The pressure
distributions at irilet-velocity ratios above the daign value,
however, tend to approach the type of distribution charac-
teristic of those permitting laminar flow. The introduction

of margin in the design value of
50’ as Sho’vn * ‘he

example, will therefore tend to provide a more favorable
pressure distribution from the standpoint of attain”mg
laminar flow.

Cowl.ings,-In order to compare the critical-speed charac-
teristics of the NACA l-series nose inlets with the NACA
C cowling of reference 1, a model of t-he NACA C co-ding
was tested on the model shown in figure 8. The pressure
distributions and critical Mach number characteristics are
presented in figures 34 and 35, respectively. The value of
critical speed obtained for this cowling agrees closeIy with
the value determined in the tests of reference 1. The pro-

.
portions of this cowling are ~=0.70 and ~=0.31; therefore,

this cowling is closeIy comparable in proportions to the
NACA 1–70-030 nose inlet. The critical-speed character-
istics of this nose inlet and the hTACAC cowling are compared
in figure 36. The critical Mach number of the NACA C
cowling is shown to be between 0.005 and 0.01 higher than
that for the NACA 1–70-030 nose inlet. Approximately
one-half this difference can be shown (by cross plots of the
experimental data) to be due to the slightly greater length

(3 )
ratio of the NAC!A C coding ~=0.31 ; the remainder

must be ascribed to the shght ditlerence between the basic
nondimensional ordinates for the NACA C cowling and the
NACA l-series ordinates. (See fig. 3.) me fact that the
remaining difference is smaIl indicates that the hTA_CAC
cowling ordinates and l-series ordinates will yield nose
inlets of approximately equal critical speed. h inspection
of the pressure distributions, however, indicates that, for
nose inlets of proportions similar to those of short cowhgs,
an increase in tilckness near the lip, such as is provided by
the NACA C cowling ordinates, maybe beneficial.
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. FIorrLE36.-CritIcd MI& nnmkaa for the A“ACA C eowIIng.

FIGCE!J2!L-CompcuIson ofdial Machnumber ohemcterfstks of N4CA C wwllng and
l=serieanose fnlek. a-~.

The critical Mach number curves for the NACA 1–70-050
and 1-60-050 nose inlets have been added h figure 36 to
show the effects of small variations in proportiona for short-
cowling-t.ype nose i.rdets and to illustrate the changes in
proportiona that must be made in order to obtain cowlings
having critical Mach numbers above that of the NACA C

cowling. These data show that the simultaneous increase
in the length ratio and decrease in inlet-diameter ratio by
appropriate increments wiU yiekI cowlings of higher critical
speed than the NTACA C cowling for comparable irdet-
velocity-ratio and angle-of-attack ranges. Selection of nose-
inlet.proportions in “thisrange maybe made by means of the
selection charts previously presented (fig. 3.1).

EtTect of propeller spin.ners,-The effect of a propeIler
spinner on the critical Mach number of a cowling and on the
internal flow must be considered in t-hedesign of a cowling
for a tractor propeller inetalIation. Several cowling shapes
have been developed by the NACA for use with large
spinnera (references 5 and 6). The data from tests of these
cowlings have been analyzed in relation to data in the
present report.

Shown in figure 37 are the NAC?A D, cowling (cowl 2 of
reference 5) and the hTACA Ds cowling (reference 6), which
were developed for use with the spinnera shown. For com-
parison of pro~es, NACA l-series cowlings of similar pro-
portions have been superimposed. The profiIes of both the
D1 and D, cowIings fall somewhat under the h’ACA l~eries
protie near the lip, but good agreement with the NACA
I-cries profiles is evident. Inasmuch as the profiles arc
generally comparable, the characteristics of the cowlings de-
veloped for use with spinners may be compared with the
characteristics of the JNACA l-series open-nose cowlings to
establish qualitatively the effects of the propeller spinners.

Pressure dist,riht ions over the NACA DZand D, cowIings
from data in references 5 and 6 are presented in figure 38.
The pressure distributions for both cowlings do not possess
the flat contour that is characteristic of the pressure distribu-
tions for the hTACA l-series nose inlets. Inasmuch as no
high pressure peaks exist, however, small modifications to
the cowling contours would probably suffice to obtain essen-
tially flat pressure distributions.

The critical Mach numbers of the NAC!A D ~and D, cowl-
ings at a=OO are shown in figure 39 for several values of inlet-
velocity ratio, Also shown in this figure are the estimitted
critical Mach number curves for the corresponding ATACA
l-series cowlings (without spinners) taken from figure 31 for
the proportions shown in figure 37. The maximum critical
Mach numbers of the hTACA D, and DJ cowlings are in good --”
agreement with those of the corresponding hTACA l-series
open-nose cowlings. The effect of a spinner on the ma.simum
critical speed of a cowling is evidently smalI.

Figure 39 (b) shows also values of critical Mach number .
from unpublished tests of a full-scale NACA D- cowling in-
stallation with spinner in place and with spinner removed.
These data show that the cowling without spinner is operat-
ing at an inlet-velocity ratio well below the knee of the critictd
Mach number curve and consequently possesses a high pres-
sure peak at the lip and a corresponding low critical speed.
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The. principal effect of the spinner in the case of the NACA
D, and D, cowlings is therefore to raise the inlet-velocity ratio
for the design air-flow quantity; this increase permits the
cowling to operate in the range of inlet-velocity ratio for maxi-
mum critical speed.

The effect of a spinner on the inlet-velocity ratio at which
the knee of the critical Mach number curve occurs is not
accurately predictable. from existing data. The data tend to
indicate, however, that the knee will occur at a value of inlet-
velocity ratio equal to or slightly less than the value for the
open-nose condition. The addition of a spinner to a cowling
thus permits (but does not necessarily require) an increase in
d/D as a consequence of the increased inlet-velocity ratio.
This fact may be of advantage in selecting a high-c.ritical-
speed cowkg of minimum frontal area (discussed.in section
entitled” Sample cowling designs”).

In the deiign of a bowling with a spinner, consideration
n&t be given to the fact that a minimum value of inlet-
velocity ratio exists below which unstable flow at the cowling
entrance occurs. Values of the minimum inlet-velocity ratio
for stable entrance flqw and high cooling-pressure recovery
have been determined -from tests of specific installations.
The data of referenc& 6 an+ 7 indicate a value of minimum
inlekvelocity ratio of the order of 0.4 for a cowling with
spinner but no propeller; reference 6 and the results of unpub-
lished flight tests indicato a value of the order of 0.35 for a
cowling with spinner and rotating propeller. The use of
suitable propeller CURShas been found to improve entrance-
flow stability at low values of irdehvelocity ratio and has
been shown to permit satisfactory operation at inlet-velocity
ratios as low as 0.30. A general investigation, however, is
necessary tm “provide definite values of minimum inlet-
velocity ratio for various cowling-spinner configurating.

It will usualIy be de&able to design a cowling for the
lowest value of inlet-velocity ratio consistent with stable
entrance flow because of the inc.reaaein difluser losses that
occurs with increase in inlet-velocity ratio. An optimum
value of iidet-velocity ratio or spinner size therefore exists
for a givep cowling installation. ‘Ilk fact is illustrated in
reference 7, which presente the results of investigations in
which spinners of several sizes were tested in conjunction
with NACA cowlirigs throtigh Iimitid ra”ngea of aidow
quantity. This reference shows that, from the standpoint
of internal total-pressure recovery, an optimum spinner size
exists for a given cowling. Use of a spinner smaller or larger
than the optimum was shown to result in increased total-
pressure 10ssss, .-

In summary, the foregoing analysis indicates that no
important changes in maximum critical speeds of cowlings
selected from the design charta presented herein wiI1occur
when a propeller spinner is added. In addition, the avail-
able data tend to indicate that the knee of the critical Mach .
number curve will occur at approximatdy the same value
of inlet-velocity ratio for a cowling with or without a spinner;

fuither investigation is required, however, to establish
defitely the location of the knee of the curve. The inlet-
diamete~ ratia d/D of a cowling may therefore he incrcascd
above the open-nose design value, if desired, in order to
take advantage of the in&eaee in itiet-velocity ratio pro-
duced by the addition of the spinner. With a spinner, llOW-

ever, a minimum value of inlekvelocitv ratio exists for stable
entrance conditions. The spinner dia-metwshould tbercfore
be adjusted to keep the operating value of inlet-velocity
ratio slightly above this minimum vahe. (Tim selection of a
cowling-spinner combination is illustrated in the srunple
cowhng ‘designs that follow.)

Sample cowling designs,—The application of the NACA
l-series ordinaks tQ Mgh-crit,ictd-speed cowlin~ for tko
typical radiaI engines is iIIust.ratedin the foIIowi~g examples.
For thesg examples, the cowlings are designed. to provide
only cylinder cooling air. The fuselage diameter is assumed
to be sufficiently large to assure internal clearance hetwcen
engine @d cowling. In order to obtain a spccificd value of
clearance between engine and cowling, a t.rial-and+rror pro-
cedure for determining the value of fudage diamet~ &
required. T~e assumed design conditions &d the propor-
tions of the cowlings selected from figure 31 are presented
in the following table:

Maximum diameter of fuselage or nacelle, D, ft. . . . . . . . . . . . . . 5.0
Operating aItitude, ft----------------------------------- 35,000
Free-stretiii”density at altitude, pO,sluglcu ft------.--_--- O. 000736

Desigg maximum velocity, ~’o,
fp-------------------------------------------------- 733
mph- _;------------------------------- ,---- MM

Design critical Mach number, .11.,, corresponding to VOabove-- O.76
Cowling angle of ati,ack, den------------------------------- O

Tydu’ Four~w

engine cnghm

C}linder moHng mass 50W, m, alugs@o.._. . . . . . . . . . . . . . . . . . . . . . .

Maai410w weflldent, T.~;4_--.-.. -.-.- ..: . . . . . . . . . ----------------
From figure 31 (a), for the abow values ofor[tlml .MacIInumber

and IW&OW wmtit:

%

—-- . . . . . ----------------------------------
D.... ..................................................

( ~vd=t-------------------------------------------------

—“—

0.64

I

1.Sz

0.00 a.116

o.&5 D.01
0.76 O.?a
U 15 a24

The cowling profiles were computed from table I and are
drawn to scale in figure 40 s.Iong with the corresponding
engine installations. In the preceding section it was pointed
out that the inlet-velocity ratio should not fall below approx-
imately 0.3 when a spinner is used with a cufled propeller.
Wkh the assumption of a cuffed propeller, the spinner sizes
for the two cowlings have been selected to raise the inlct-
velocity ratios to 0.3. The resulting spinner diamek’rs arc
23inchesand 16inches for the cowlings shown in figures40 (a)
and 40 (b), respectively.

These two examples show that cowlings designed for
critical Mach numbers above that of the NACA C cowlinti-.
are. characterized by a smtdIer inlet-diameter ratio and a
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//-- 1 NACA 1-55-075 cowk~
/

0 \

./.O---f===l
<“—-—

I\ I
=.. __

(d
(a) Two-row radfd engine.
(b] Four-row radfal en@ne.

FIGURE40–Examples of NACA l.emfes mwlings d@ned to pro~e only cyllnder cmlfng
dr for twO typical did e@lleE. h.ltel’!d@Wti .bw OIUftt@ desfgn erftfeal Mach
number, o.7d.

greater length ratio. The length of the propeller shaft on
these engines necwwitates the location of the engine ahead
of the maximum-diameter station of these l@h-cfitical-
speed cowIings. The maximum diametera of these covdipga
are therefore greater than the minimum diameter that,might
otherwise be used. The increases in frontal area above the
minimum area (for the same internal clearance between
engine and co@ng) for the cowlings in figures 40 (a) and
40 (b), are approximateely 26 and 20 percent, respectively.
Such an increase in frontal mea may not be significant fi
the case of installations for which the fuselage or naceIIe
diameter is governed by factom other than the engine
diameter but will present an important increase in frontal
area and &ag in instdations for which the minimum
fuselage or nacelle diameter ia governed ordy by the engine
diameter. This excess frontal area may be reduced by use
of an extended propeller shaft or a hollow spinner such as
that used in the N’ACA high-speed cowling (reference 8),
which was derived from the B nose ordinates.

The cowling proportiona given by the design c
T

ts (~or
use with the NACA l-series ordinates) represent t :e mipi-
mum length ratio and the maximum inlet-diameter rptio for
given requirements. The addition of the spinners, however,
has increased the inlet-vebcity ratios of the sample cowlings;

this increase makes possible (but not mandatory) an increase
in the inlet-diameter” ratio. This change is of particular
interest as tm additional method of reducing the excess
frontal area because, as t-he value of d/D is increased, the
maximum diameter of hhe cowling can be decreased. Inas-
much as the hdet-velocit y ratio for the cowling with spinner
has been raised above the value for the cowling without
spinner, a fictitious value of mass-flow coefficient higher
than the design value can in effect be assumed ,and the
cowIing proport.ions can be determined from the selection
charts on the basis of this value. The spinner frontal area
must then be chosen to make the inlet-velocity ratio the
desired value without actually increasing the mass-flow
coefficient above the orizimd deahrn value.

The proportions of ~ NACA “l-series cowling desi&ned
for operation with a spinner at an inlet-velocity ratio of 0.3
“willnow be selected for the four-row engine for which the
requirements were previously presented. The selection may
be made by tmtering the design chart (fig. 31 (aj)’ati the left
side with the value of Af,,=O.76 agd proceeding horizont all$

across the chart to the line for ~0=0.30., ~~, this point

the value of d/D can be read; then, by mov~g -rert.icalIyup-
ward to the top section of the chart, the value of X/13 can
be read at the value of d/D previously obtained. c The re-
sults thus determined are ; ~/ T

.:: -
~=0.64

r

;= 0.73

V,

() Vo .~
=0.30.

()Po%o mfz
=0.159

The area occupied by the spinner must be sufllci~nt to make
the inlet-velocity ratio 0.30 at the original specified value of
mass-flow coefiicimt, 0.115. The spinner diameter is then
20 inches. The excessfrontal area of thiscowling over the min-
imum area that could be used (for the same engine clearance)
is approximately 18 percent, slightly less than the excess
frontaI area of the cowling shown in figure 40 (b).

In some cases, further decreases in excess frontal area may
be desired; in othera, a spinner larger than that given by the
procedure outlined may be required from considerations of
propeller hub size as, for ~xample, for cowlings designed for
use with gas turbin~ df small diameter. In such cases the
irdehvelocity ratio can be further increas&l in order to make
possl%lea further increase in Met-diameter ratio and spinner
size. The increased inlebvelocity ratio will, however, tend
to increase losses in the dither.
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It is tQ be emphasized that the procedure presented for
designing NACA l-serks cowlings for use with propeller
spinners is based on the analysis of the remdta of limitud
investigations. Future general investigations of cowling-
spinner combinations may therefore lead to some refinements
of this procedure; in addition, some small modifications to
the NACA l-series ordinates may be found necessary for
use with spinners. In general, however, the procedure ouk
lined is believed to be satisfactory, particularly for installa-
tions including the use of a spinner of conservative size.

Air sooops.—The application of the NACA l-series profile
to air scoops haa been demonstrated in the tests of reference
9, In this investigation a large scoop was designed as a semi-
circular body of revolution and located near the longitudinal
midposition on the lower surface of a fighter-type fuselage.
Provision for removing the fuselage boundary layer waa in-
cluded. The critical .Mach number curves for three radial
planes of the scoop (taken from fig. 20 lb) of reference 9) are
shown in figure41. The estimatedcriticalMach number curve
for a nose inlet of inlet-diameter ratio and length ratio equal
to those of the scoop h~s been obtained by means of figures
28 (a) and 32 (a) and added to figure 41 for comparison.
Marked similarity between shapes of the estimated curve
and the curves measured for the bottom and 60° planes of
the scoop is noted. The knees of the curves occur at approxi-
mately the same value of inlet-velocity ratio. The criticaI
Mach number curves for the scoop are lower than the curves
for the corresponding nose inlet throughout the inlet-velocity-
ratio range because of the effect of the flow field of the wing
and fuselage on which the scoop was located. It is thus indi-
cated that the proportions for high~rit.ical-spekd air scoops
may be obtained from the selection chart (fig. 31), with allow-
ance for an estimatud10SSin critical speed due to interference

q/v.

FIGUEE41.-ComperIeon of orftieal speeds for air emop (from u. 20(b) of referenee 9) and
omeepondfrrg nose Inlet, both designed from NA CA l~erfe=sordfnates. a-OO.

,

effects. Additional tests of such air scoops are uccdcd to
provide more detailed design information concerning the
application of the N’ACA l-series profile to high-criticrd-
speed air scoops.

Wing inlets,—An analysis presented in reference 10 shows
that pressure distributions over two-dimensioned and thrce-
dimensional bodies of identical thickness distribution will
generally have similar shapes. Reference 10 shows, for
example, that-in incompressible flow with motion parallel to
the major axis the velocity dietributiou about a prolate
spheroid is equal to a constant times the velocity distribution
about the corresponding elliptical cylinder. This constant
is a function of only the thickness ratio. For shapes other
than elliptical, the corresponding velocity ratios for two-
and three-dimensional bodies do rmti remain a constant;
however, for shapes developed for high critical speeds, tho
ratio of velocities may be considered to approach a constant
as a first approximation. Inasmuch m the velocity distri-
butions for similar two- and three-dimensional bodies arc
related, some similarity between profdes developed for opt i-
mum critica~ speed for two-dimensional wing inlet.s nnd
three-dimensional nose inlets might be expcctcd.

The profile of a symmetrical two-dimensional wing inlet
(shape 9) is presented in reference 11. High-spowl tests
of this shape (referencc 12) show, for medium values of
inlet-velocity ratio, a pressure distribution appronching thut.
of the three-dimensional NAC.4 l%eriee nose inlets. Figure 3
presenta the nondimensional profile of shape 9 wing inlet
for comparison with the NACA l-series profile. Close
agree~etit is tioted. The nondimensional profiles for tw’o-
dimensiorml and three-dimensional air inlets developed to
approach the optimum from the standpoint of critical speed
are thus shown to be essentially similar. The NACA 1–series
ordinates. thus may have application to the experimental
development of high-critical-speed two-dimensional wing
inlets,

It is of interest to compare the relation between the
measured critical speed of the shape 9 wing inlet and the
critical speed estimated for a three-dimensional nose inlet.
from the present paper with the factors for converting from
three--dim~naional to two-dimensional flows derived from
ref&ence 10. The comparison shows that the measured
critical speed of the wing inlet is appreciably lower than
that which would be predicted by the use of data from the
present paper and from reference 10. Although general
agreemerii?was pre.viously noted as to the shape of the correa-
pondlng pressure distributions for similar two-dimensional
and three-dimenaiona~ profiles, numerical agreement as to
the magnitu~ of the peak pressures should not necessarily
be expected inasmuch as the restdts of reference 10 apply
only to solid bodies of eUipticalprofile with no consideration
for admitting air at the leading edge.

Gun hoods,—lmw-drag hoods for gun openings have be m
developed in reference 13 from the nose A ordinates presented
in reference 2. The design of these gun+pening hoods or of
gun-barrel fairinga from which the gun barrel does not pro-
trude can be determined by the nose-inlet selection charts



THE DEVELOPMENT AND APPIJCATION

(fig. 31). For such applications the envelope curves of
figure 31 may have to be extrapolated to low values of mass-
flow ratio. The proportions of the idet section of the hood
can be selected from this figure in the usual manner; however,
the design critical Mach number should include considera-
tion of the induced-velocity field existing at the point of
application.

DETAILCONSIDERATIONS

Comparison of critical speeds obtained by experiment and
by extrapolation.-The NACA 1-50-150 and 1–70-050 nose
inlets, which are representative of a long nose inlet and a
short coding-type nose inIet, respectively, were tested
through the Mach number range to approximately ik?O=O.7
in order to compare the experimental variation hi peak nega-
tive pressure coefficient with the theoretical variation (the
Von K&rm6n relation, reference 4) assumed in the present
paper for the determination of critical speeds. Figures 42 (8)
and 43 (a) show the variation of measured peak negative
pressure coefficient with Mach number for the NACA
1-5GI 50 and 1–70-050 nose Nets at constant values of
inlet-velocity ratio. The lowest values of peak negative
pressure coefficient follow approximately the theoretical
increase with Mach number; however, the high values of
peak negative pressure coefficient do not follow the theoret-
ical variation. (See figs. 13 and 25 for the pressure distri-
butions over thesenose inlets.) This effect has been observed
in previous investigations in which sharp pressure peaks
occurred over relatively sharp inlet lips (reference 12).

The failure of the variation of peak negative pressure
coefficient to foIIow the theoretical variation may be due in
pm.ttto the fact that, in compressible flows, the irdet-velocity
ratio may not be the basic parameter which accurately defies
the local flow angle at the inlet lip. Another parameter, the

‘as-flow coefficient &o
—m T?reduces to AJFI the ratio of the

area of the stream tube for mass flow m at free-stream con-
ditions to the frontal area F. This parameter therefore
e.xprewes the amount that the stream tube must expand in
approaching the inlet and thereby tends to govern the Iocal
angle of flow at the lip. F@res 42 (b) and 43 (b) present
the variation of peak negative pressure coefficient with Mach
number for constant values of the mass-flow coefficient-.
For low values of the peak negative pressure coefficient, little
difference exists between the theoretical and experimental
variations with Mach number for constant values of VJVO or

—“ For higher values of peak preewre, the experi-Of ~,.

mental variation with Mach number for both parameters
diflem considerably from the theoretical variation; however,
the variation for a constant value of the mass-flow coefE-
cient more closely approaches the theoretical variation.

Comparisons of the critical Mach number characteristics
obtained from high-speed data (tlgs. 42 and 43) and from
extrapolation of data obtained at 310=0.40 and .iW= 0.30
(&. 16 (b) and 27 (c)) are present. in @res 44 and 45.
At high values of hdet-velocity ratio, the measured critical
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Mach numbe~ for both nose inlets are equal to or slightly
greater than the critical Mach numbers estimated from the
tests at AIO=0.40 and 34=0.30. For both nose inlets the
knees of the experimental critical Mach number curves
occur at lower values of irdehvelocity ratio than those of
the curves obtained by extrapolation. Below the knees of
the curves, therefore, the measured critical speeds are appre-
ciably higher than the values obtained by extrapolation from
it5j=0.40 and M_O=O.30. The critical-speed data presented
for the series of nose idete tested are therefore indicated to
be conservative by a small amount in the inlet-velocity-
ratio range recommended for operation and by a ktrger
amount for inlet-velocity ratios below the recommended
range.

External separation.-The pressure distributions presented
for the nose inlets tested have ahown external-flow
separation to occur over certain of the nose inlets at low
inlet-velocity ratios and high angles of attack. The pressure
distributions over the nose inlets teeted having values of d/D
of 0.40 and 0.50 (figs. 9, 10, and 12 to 15) show no discernible
separation through the test ranges. C@ain of the nose in- “.
lets having values of d/D of 0.60 and 0.70 (figs. 17 to 21 &d
23 to 26), however, show severe external separation or stau
at the inlet lip; for example, the pressure distributions for
the NTACA 1–70-150 nose inlet (@. 23) clearly indicate
separated flow at 10w valuea of inlet-velocity ratio. Figure
46 shows the c.ritical Mach number characteristics for the
NACA 1-70-150 nose inlet (taken from ~. 27 (a)), to which
the curve of M= has been extended into the separated range.
The values of critical Mach number in this range of irdet-
velocity ratio do not have their usual significance, because
the flow has separated and the drag will have reached
excessive values even at low speeds.

The inlet-velocity ratio below which separation occurs has
been obtained from @ures similar to figure 46 for the various
nose inlets teeted and the results are plotted in figure 47.
Also shown in figure 47 is a dashed curve indicating the value
of VJVO at the knee of the critical Mach number curves
(a=OO) for the various values of X/D and d/D. A nose
inlet derived from the selection chart (fig. 31) will operate
at inlets-elocity ratios equal to or greater than the value
given by the dashed curve in figure 47 for two reasons:
(1) the selection charts are based on the knee of the critical
Mach number curve; (2) for most cases, the nose inlet will
be selected on the basis of high-speed conditions at which
the inlet-velqcity ratio is a minimum. The curve of deeign

.-L

minimum inlekvelocity ratio fa.Ils above the separation
curves for all but the very low values of iY/D. Figure 47
indicates, therefore, that a~ternrdseparation will not OCCUTI
in general, for NACA l-series nose irdets designed from the
sekction charts in the praent paper with the p~ible excep--
tion of nose inlets having very low valuee of X/D or operat-
ing at vay high angles of attack. By means of figure 47
the approximate inle~velocity ratio below which separation
can be expected can be eetimated for an NACA l-series nose
inlet of proportions in the ranges shown. .—
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1
—— Ml%mum hlet - velocity rafio from selection

chaflt (f/g. 3/(a)); d =0“
— Ink+ velocity ratio at sepurahti

.8
/

/

/
/

/
/

,/
/

ypo
(dj;)

/

/ ‘

.4 ./ /
/

/

./
6

~ / /

/

/
(a) (b)

o 4 L2 /.6 u
i%

.4 .8 1.2 1.6 Eo
XjD

(a) +0.70. (b) $-0.00.
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The phenomenon shown in figure 46 is of general interest
with regard to investigations of specific air-h.detinstallations
in which the critical speed of an inlet may be determined
for ody one vahe of inlet-velocity ratio. The .memured
(or estimated) critical speed may be deceptively high if the
flow is separated, and incorrect conclusions concerning the
efficacy of the inlet may result. Drag measurement and
tuft surveys may be useful in verifying the results of an
investigation of critical Mach number. In addition, com-
parison of critical Mach number values for several inlet-
veIocity ratios wiU generally serve to define the flow condi-
tions. The critical .Mach number will normally increase or
remain constant with increasing inIe&velocity ratio; a de-
crease in criticaI Mach number with increasing VIWO (fig.46)
generally indicates flow separation.

Internal losses .—Interna1 total-pressure losses for the nose
inlets tested were measured at the rake station (fig. 8)
through the ranges of inlet-velocity ratio am.angle of attack.
Inasmuch as the diameter at the end of the nose-inlet duct
and the over-all length of the nose plus skirt was held con-
stant for all tests, a corresponding value of diffuser angle o
existed for each due of inlet-diameter ratio. For nose
inlets with d/D values of 0.40, 0.50, and 0.60, the values of
diffuser angle were 7.6°, 3.8°, and 0°, reapactively.

A typical total-pressuredoss profile at the rake station is
shown in tlgure48. The.total-pressure10SShas been computed

as a fraction of inlet dynamic pressure ql. The total-
preasure10SSMobtained for the NAC?A 1-40-150, 1-50-150,
and 1–60–150 nose inlets from integration of figures similar
to figure_48 are shown in figures 49 (a), (b), and (c), rmpcc-
tively. A comparison of the magnitude of the pressure10SSCS
shows the effect of an increase in idet-velocity ratio for
constant diffuser angles.

Figure 50 shows the variation of total-pressure loss with
diffuser angle 19for given values of idet-velocity ratio and
angle of attack. The adverse effect of large diffuser angles
is illustrated. Figure 51 shows the variation of total-prcesuro
10SSwith angle. of attack for two values of inlet+docity
ratio. This Iigure illustrates the increase of tot.al-pressure
loss that occurs at high angles of attack for the large values

of diiluser angle.
The integrated total-pressureloss-wfor the NACA 1-W 150,

1–50–100, and 1–50-050 nose inlets at two angles of
attack are presented in figure 52. Inasmuch w the value
of X/D ii-a measure of the radius of curvaturo of the nosc-
inlet profile for a given value of d/D, comparison of the
internal total-pressure losses for these nose inlets indimtm
the effect of external curvature. The large extcrnal radius
of curvature combined with the relatively smaII intrrntil
radius is shown by the data for the NACA 1-50-050 nose
inlet to lead tcrinternal separation at high wJues of inht-
velocity ratio and angle of attack.
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Figure 53 shows the effecb of Mach number on integrated
tatal-pressure loss for the NACA 1–50–150 nose inlet. A
slight decrease in internal losses generally occurs with in-
crease in Mach number within the range of tests for this
difluser. It should be noted that the maximum entrance
Mach number is about-0.56.

Nose-inlet lip radius.—The internal lip radius for the
NACA l-series nose irilets tested was maintained at 0.025y,
the value used. in the development tests of references 1

.3 I
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FIGUEUt6Z—Varlatlon of [nterm.1 tdal-praeanra loss wfth hrk+veloelty ratfo for nose

Mets of $-0.5. AfOWO.4&.9-3,8”.

.,.

Vgy _
—— :4
----- ---

.2 —.— :;—
1 —--— .8

F?’==rw---+====l=.l I I
:4 .5 .6 .7 8

MO

Fmurm 63.-Mach number ef?ects rm total-pr-re ]0s for 8-3.3°. t?A CA 1-60-150MM
— Met; .x--O. I”.

and 2. From considerationsof external-pressuredistributions,
this nos~ radius appears to be satisfactory for the nose
Mets having low values of d/D. For the NACA 1-70--030
nose inlet, however, the pressure distributiona (fig. 26) show
that a sharp local pressure peak occurs at the lip at low
values of “tiet-velocity ratio. The NACA C cowling (fig. 34)
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aIso shows a simiku effect. Because the Iip radius was
very arcd for these nose irdets having huge vahwa of d/D,
au increase in lip radius was presumed to be desirable. The
NACA C cowling was therefore tested with the Iip radius
increased to approximately twice the original value; the
hTACA 1–70-030 nose inlet was tested tith a simiIarincrease
in lip radius and with an added internal fairing (fig. 6).
The value of d/D for these nose inlets was decreased from
0.70 to 0.69 by these modifications.

I?iiures 54 and 55 pr.e.sentpressure distributions for the
two nose inlets with increased. lip radii. Comparison of
these figures with figures 26 and 34 shows that the sharp
local-pressure peak measured at the lip at low values of
irdet-velocity ratio has been removed. The knees of the
critical-speed curves (figs. 56 and 57) are consequently
shifted to lower vahma of VJVo, with the result that the
critical speeds of these ,nose inIets are increased in this
range. The internal losses measured for the origin~ and
modified lip radii were insignificant throughout the test
ranges of inlet-velocity ratio and angle of attack. A lip
radius somewhat in excess of 0.025y therefore seems to be
desirable for nose inlets of Iarge values of d/D. References
11 and 12 and other investigations indicate, however, that
inordinate increases in lip radius can adversely affect the
external-pressure distribution.

Effects of variations in basic proffle.-Three nose inlets

having ~=0.60 and %=1.50 and hav~~ profles that diiler

from the NACA l-series protile were tested to show the
effect of such differences (@. 7). The first of these three
profiles was derived directly from an ellipse. The second
and third profiles were ohtti”ed by prop~itional distortion
of the NACA l-series protlle according to the arbitrary
equation

$=.;7 l+K

()
l+K.$

where .-. . ,.

y’/Y nondimensional ordinate of modified profle “’”
y/Y nondimensional ordinate of basic profile (NACA- lXe~es)”-
K arbitrary factor
The two nose inlets tested are designated by the p&ticula~
value of the K-factor used in their derivation.

Pressure distributions over the three nose inlets at a= 0°
are presented in figure 5S a-longwith the pressure distribution
for the NACA 1-60-150 nose idet. The characteristic
flat pressure distribution of the A’ACA 1-60-150 nose inlet
at high values of inlet-velocity ratio is not found for tho
modified nose inlets. Instead, a pressure peak over the

for{fard portion of the nose. occurs at all values of irdet-
velocity ratio; the height of the peak is greatest for the nose
inlet having the greatest thickness near the lip.

Figure 59 shows the critical Mach number characteristics
for the modXed nose inlets. An inlet-velocity-ratio range
for constant critical speed, which is characteristic of the
A’ACA l-series nose inlet, does not exist for the modified
nose inlets. The critical speed decreases with decrease in
inlet-velocity. .mtio through the entire range. The critical
Mach number curves are compared (at a= 0°) with those for
the NACA 1-60-150, 1-60-100, and 1-60-075 nose inlets
in figure 60. The comparison shows that the rate of decrease
of critical Mach number for the modified noses is lo~verthan
the rate of decrease which occurs below tlmknee of the curves
for the NACA l-series nose idets. The critical speeds for
the moditled nose inlets, however, are lower than those of the
INTACAl-series,nose inlets of comparable maximum critical
speed, except at very low values of inlet-velocity ratio
beyond the range wherein the comparable NACA l-series
nose inlets are designed to operate.

These tests show that deviations from the hTACA l-series
profile that cause appreciable departure from the characteris-
tic flat pressure distribution can cause important reductions
in critical speeds. The NACA l-series ordinat=, which
have been shown to approach closely the optimum from the
standpoint of critical speed, should bo accurately applied
in order to realize the optimum characteristics.

Effect of variations in fineness ratio.-In order to inves-
tigate the efkct of varying the fl.nenessratio of the test body,
the NACA 1-60-100 and 1-60-050 nose idets were tested
with and without cyhlrical skirts.. (Tha test body, how-
ever, as shown in fig. 8, still retained a cylindrical length of
2 diameters.) The fineness ratio of the body was decreased ‘-
by 9 and. 18 percent for the NACA 1-60-100 and 1-60-050
nose irdei%”,respectively. The effect of thwe changes on
Witical-speed characteristics was found to be negligible.
~ornparison of the criticaI speed of the NACA C cowling as
fiea%ured on the tmt body of the present report and on a
nacelle in @ference 1 substantiates this finding. The over-
dI fineness“iati& of the test body and nacelle were 5.5 and
2.4, r_espe&ively. The critical speeds measured for the
ATACA C cowling agree closely with the critical speeds
measured in the tests of reference 1. The critical speed of
the nose inlet therefore appeam to be ~sentially independent
of the over-all finenessratio of the body. It should be noted,
however, that this conclusion is based on tests of nose inlets
which ernployed an appreciable length of cylindrical after-
body; othq, types of afterbody may appreciably affect the
critical-speed. characteristics.
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r/x

z/x

(a) a--o.l”. (b) C8-1.r.
(o) IX-3.8”. (d) a=6.b0.

(e) Q-7.9”.

FIC~E M.-Pressure dbtributtom over the NA CA 1-T3-030nose Inlet +dt.b Increased lip radius. M=O.40.
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SUIUMARYOF RESULTS

An analysis of the nose-inlet shapes developed in previous
investigations to represent the optimum from the standpoint
of critical speed has shown that similarity exists between
the nondimensional profiles of inlets which have widely
diilerent proportions and critical speeds. With the nondimen-
sional similarity of such profiles established, the large diiler-
ences in critical speeds of three nose Wets must be a function
of their proportions.

M.,
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FIrIrmE 00.-ComparL?on of the crItkYd Mach nmnhers of the rnodftled amd NACA 1-KTM
nose Mets. u= O*.

The nondimensional ordinates of the B nose inlet, which
were developed in a previous investigation to be optimum
from the standpoint of critical speed, were extended and
modiiied slightly to improve the fairing. These ortiates,
now designated the NACA 1-series, were then applied to &”
group of nose inlets involving a systematic variation of
proportions. Wind-tunnel tests of these nose inlets were
made through wide ranges of inlet-velocity ratio and angle of
attack at Mach numbers of 0.3 and 0.4. Tests of repre-
sentative nose inlets were carried to high speed (a maximum
Mach number of 0.7). Pressure distributions and critical
Mach number charac.terisiics are presented for each of the
nose inlets tested. The results of these tests show that the
length ratio (ratio of length to maximum diameter) of the
nose inlet is the primary factor governing the maximum crit-
ical speed. The effect of inlet-diameter rfttio (ratio of jrdet
diameter to maximum diaeter) on critic~ speed. is) ~
general, secondary; but this ratio has an important f~ction
in governing the tzxtentof the inlet-velocity-ratio range for
maximum cr;tical speed. The highest critical llach number
attained for any of the nose inlets tested was 0.89.

The data have been arranged in the form of design charts
from which NACA l-series nose-inlet proportions can be
selected for given values of critical Mach number and air-flow
quantity. Examples of nose-inlet selections arc presented
for a.typical jet-propulsion installation (critical Mach num-
ber of 0.83) and for two conventional radial-ede installa-
tions (critical Mad number of 0.76).

The selection charts and NACA l-series ordinates have
been shown to be applicable to the design of cowlings with
spinnera and to the design of high-critical-speed fuselage
scoops. The possibility of application of the NACA l%eries
ordinatea to the experimental development of wing inlets is
also indicated.

LANGLEYMEMORIALAERONAUTICALLABORATORY,
NTATIO~ALADWWORTCO~EE FORAERONAUTICS,

L.4NGLEYFIELD,7T~.,June “8, 19@.
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